The lethal action in Balb/c mice of 80 oral Fusobacterium nucleatum recovered from patients with adult periodontitis, healthy subjects or Cebus apella monkeys was studied. Mice were inoculated intraperitoneally with each bacterial inoculum of 5 x 10 8 CFU/ml. All the clinical isolates induced weight and coordinated movements loss. Pathological alterations in liver, CNS, heart, and kidney with inflammatory reactions or vascular congestion were observed. Of all the tested F. nucleatum isolates, 61.2% from periodontal patients, 57.1% from healthy subjects and 60% from monkeys, were capable of killing the mice in 48h. The clinical isolates were significantly more pathogenic than F. nucleatum ATCC 10953 or ATCC 25586. B. fragilis ATCC 23745 showed lethality against control mice. Our results suggest that LPS could be involved in lethal action against mice and it may play an important role in producing tissue damage or death of mice.
INTRODUCTION
Anaerobic microflora comprise a large percentage of the oral and gut indigenous microbiota. Anaerobes, particularly Gram-negative rods, possess potentially pathogenic factors, which appear to be related to several pathological conditions, such as periodontal diseases.
The genus Fusobacterium is the second most frequently recovered anaerobic microbial group in human and animal microflora (1) . Some species, particularly F. nucleatum, have been involved in monomicrobial and mixed infections such as sinusitis, pelvic infections, osteomyelitis, lung abscesses and periodontal diseases (2) (3) (4) .
F. nucleatum is able to produce volatile sulfur compounds (5-6), butyric and propionic acids (7) , activate lymphocytes (8) , and adhere to oral epithelial cells, erythrocytes, fibroblasts, lymphocytes, polymorphonuclear leukocytes, collagen IV and laminin (9) (10) (11) (12) . Many of these organisms may lead to cellular damage or dissemination of pathogens into the host. In vitro assays have shown that Porphyromonas gingivalis, Actinobacillus actinomycetemcomitans, Campylobacter rectus, Treponema denticola and F. nucleatum have significant pathogenic potential (13) .
Using animal models, Haffajee and Socransky (14) have suggested a bacterial etiology of periodontal disease. Madden and Caton (15) and Schou et al. (16) have shown that after removal of plaque by mechanical means or using antibiotics, gingivitis and destructive periodontal disease in dogs or primates can be prevented.
The pathogenic potential of F. nucleatum has been studied in vitro (7, 14, 33) . However, there are few reports on virulence of this microorganism recovered from humans and Cebus apella monkeys, using animal models. The aim of this study was to evaluate the virulence of oral F. nucleatum from human and non-human primate origin, in mice.
MATERIALS AND METHODS

Microorganisms
Forty nine F. nucleatum isolates recovered from 30 adult periodontitis patients with periodontal pockets deeper than 5 mm and active bone loss, and 21 from 20 healthy individuals (Clinic of Periodontology, University of São Paulo, SP, Brazil), and 10 from 10 Cebus apella monkeys (Centro de Procriação do Macaco Prego, São Paulo, SP, Brazil) were examined. Reference strains F. nucleatum ATCC 10953 and ATCC 25586, and Bacteroides fragilis ATCC 23745, were included as controls.
Samples were collected from periodontal pockets (patients) and gingival crevices (healthy subjects and monkeys) (17) . The samples were plated onto Omata and Disraely selective agar and brain heart infusion agar (BHIA, Difco) supplemented with 0.5% yeast extract (Difco) and 5% defibrinated sheep blood. The identification of the isolates at species level was done using biochemical tests (18) (19) .
Bacteria were grown in BHI broth supplemented with 0.5% yeast extract, under anaerobic conditions (90% N 2 / 10% CO 2 ), at 37 o C, for 48h. Cells were harvested by centrifugation at 3,000 x g (8 min, 4 o C) and washed three times with phosphate-buffered saline (PBS, pH 7.4), and resuspended in PBS to give a concentration of 5 x 10 8 CFU/ml, as determined by OD 550 nm of 0.7 (DME-21 spectrophotometer, Digimed, SP, Brazil). The purity of the culture was determined by plating and Gramstaining.
Experimental animals
Five weeks old male Balb/c mice, weighing 25 -30g, were obtained from the Breeding Unit for Isogenic Mice of the Instituto de Ciências Biomédicas, University of São Paulo, São Paulo, SP, Brazil. The animals were used within one week after receiving.
Prior to injection, the abdominal region of mice was shaved and an antisepsis with 77% (v/v) ethanol was performed. 0.1 ml of each bacterial inoculum (5 x 10 8 CFU/ml) was inoculated intraperitoneally using a tuberculin syringe. For control of microbial viability, 0.1 ml aliquots of each bacterial culture were inoculated in thioglycolate broth w/o dextrose or indicator 135-C (Difco Laboratories), and incubated at 37 o C, for 7 days (20) . Control mice were inoculated with 0.1 ml of PBS.
After inoculation, local and systemic responses of the mice were observed daily for 7 days. The animals were checked at 8 h intervals for death or signs of disease. Moribund animals were watched closely and autopsied immediately after death. Then, liver, lung, spleen, kidney, intestine (small and large), central nervous system (CNS) and heart were excised and removed, and a portion was inoculated in thioglycolate broth and incubated at 37 o C for 7 days for recovery of the organism. A portion of each organ was submitted for histopathological examination.
Influence of bacterial viability on virulence
Isolates were grown in thioglycolate broth, inactivated by heat (56 o C, 30 min), harvested and washed in PBS (3,000 x g, 4 o C, 8 min). 0.1 ml of each bacterial suspension (5 x 10 8 CFU/ ml) was inoculated intraperitoneally in mice to verify the influence of the cellular viability on the induction of host damage. The bacterial viability was confirmed by observation of growth in thioglycolate broth.
Pathogenic action of supernatant
Bacteria which showed lethality in mice were grown in fresh thioglycolate broth, and submitted to centrifugation (3,000 x g, 4 o C, 8 min). The supernatant was removed, filtered through cellulose acetate membrane (Millipore, 0.22 mm), and aliquots of 0.1 ml were inoculated intraperitoneally in mice.
Histopathological examination
Organs were removed aseptically and fixed in 10% neutralbuffered formalin at room temperature for 48 h, dehydrated and embeded in paraffin. 6 mm pieces were prepared, stained with hematoxylin and eosin (21) and examined by brightfield microscopy.
RESULTS
The lethality of fresh and heat-inactivated F. nucleatum isolates is shown in Table 1 . After inoculation, all infected mice showed 10% to 20% weight loss (data not shown) and, most of the animals showed loss of coordinated movements.
In some isolates, the viability was not essential to induce lethal effects on mice, since the heat-inactivated isolates (22.5% periodontal, 19.1% healthy and 10% monkeys isolates) were also capable to kill mice. In addition, supernatants of cultures were not capable to kill mice, but induced weight loss in 48 (60%) animals. Neither the reference strain F. nucleatum ATCC 10953 nor ATCC 25586 were lethal to mice. However, B. fragilis ATCC 23745 killed two control mice (2.5%).
Histopathological observation revealed deep alterations in liver and vascular system, with intense inflammatory reaction. Liver with necrotic areas (Fig. 1) and microvacuolar degenerative process in hepatocytes, and intense inflammatory reaction characterized by numerous polymorphonuclear leukocytes and mononuclear inflammatory cells on hepatic capsule were also observed (Fig. 2) .
The CNS showed severe vascular congestion with haemorragic perivascular areas (Fig. 3) which indicated changes in vascular permeability. Also, the heart showed intense vascular congestion, perivascular hemorrhage and areas of suggestive degenerative process (Fig. 4) . In kidney, tubular necrosis with picnotic cells and vascular congestion into glomeruli (Fig. 5) were observed. No significant histopathological alteration of lung, spleen or intestine was observed. When blood samples obtained by cardiac punctures from moribund mice were cultured, the microorganims were recovered. Surprisingly, the animals which survived for more than 48h after inoculation, evolved to normality.
DISCUSSION
Historically, animal models have been invaluable for the establishment of the etiology and pathogenicity of human infectious diseases (22) . The mechanism of bone breakdown in periodontal disease is still unresolved. Much is known about host factors involved in periodontal disease, but, little is known about the in situ interaction of these factors with bacterial components, and how they are related to disease progression (23) .
The complexity of the bacterial ecology in the subgingival plaque and the inherent difficulties in measurement of the disease progression has made these models somewhat problematic to identify the in vitro virulence factors activity expressed by oral bacteria (24) .
Intraperitoneal infection of either pure or mixed culture in an animal model should allow a systematic evaluation of the bacterial pathological effect (25) . The ability of F. nucleatum to produce tissue damage in experimental animals is described in the literature (25) (26) (27) (28) . In this study, injection of F. nucleatum isolates affected the general health of the mice and produced weight loss and inflammatory or degenerative processes. It is interesting to note that F. nucleatum ATCC 10953 and ATCC 25586 were not pathogenic to Balb/c mice, whereas fresh clinical isolates of F. nucleatum were significantly more pathogenic than the controls. These isolates apparently expressed different virulence factors than the reference strains.
The lethality observed in F. nucleatum from human and animal origin was very similar. Histopathological alterations with inflammatory reaction and necrosis, observed in liver, suggest that liver can also offer nutritional and microenvironmental factors for the survival of F. nucleatum isolates and even production of liver damage, according to Abe et al. (29) . On the other hand, the microbial migration suggests that microorganisms may possess virulence factors that might give protection during migration (25) . After inoculation with human and animal isolates the surviving animals showed neither abscess production nor histopathological changes. The reason for this response remains unclear. However, research has recently focused on the role of host cell in the migration of stimuli produced by LPS (30) .
Weight loss, inflammatory reaction, vascular congestion and microvacuolar degeneration in infected mice were due to toxemic or septic shock. However, the lack of coordinated movements in the posterior members of mice was due to vascular congestion with haemorragic areas and edema in the CNS, also associated to toxemic or septic shock.
Cell-free supernatants did not show lethality to animals, but produced weight or movements loss. However, heatinactivated bacteria were capable to kill mice, suggesting that a cellular component should be involved, e.g., LPS. In addition, our results suggest that fusobacterial LPS could have caused the lethal effect in mice. On the other hand, F. nucleatum possesses a potent LPS capable to induce cutaneous inflammatory reactions in rabbits (31), produces haemolysis (32) and has cytotoxic effects to L-929 and WI-38 cells (33) . LPS is involved in pathogenesis of inflammatory reaction in mice, because it activates the complement system (34) or induces leukocyte migration (35) . Others toxic substances produced by F. nucleatum, such as butyric and propionic acids or hydrogen sulfide, can also participate in tissue damage (5-7). Although, further information about the biochemistry of fusobacterial LPS or other metabolic products are necessary. In addition, the pathological effects of F. nucleatum on animal models, either in pure or mixed culture, may also be useful in immunological studies. 
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